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Two-dimensional echocardiography has provided informa- 
tion to aid in the diagnosis and management of infants with 
ventricular septal defect, but its inability to resolve very 
small ventricular septal defects and problems with defining 
ventricular septal defect orifice size (because of overlying 
muscle or tricuspid tissue) have made it unsuitable as a 
standard for defining the natural history of ventricular 
septal defect. In this study, 114 serial two-dimensional 
Doppler color flow mapping studies were performed to 
define ventricular septal defect anatomy, location and color 
flow diameter as an indicator of shunt size in 66 patients 
(over a 40 month period). 
Twenty-live patients first studied at 6 months of age 
(mean age at most recent study 15.9 months) had congestive 
heart failure and 41 (mean age 45 months) did not. In the 
congestive heart failure group, there were 24 perimembra- 
nous and 1 muscular ventricular septal defect and aneu- 
rysm formation was present in 17. Mean (*SD) color flow 
diameter was 8.2 + 1.9 mm and color flow diameter/aortic 
root diameter ratio was 0.63. In the 30 patients who under- 
went cardiac catheterization, color flow diameter bore a 
close relation to angiographic diameter (r = 0.96) and 
Echocardiography has been of significant importance in the 
evaluation of patients with ventricular septal defect. Two- 
dimensional echocardiography has aided in defining ventric- 
ular septal defect position and describing the structures 
forming the margins of the septal defect (l-l 1). Doppler 
echocardiography has provided methods for calculating pul- 
monary to systemic flow ratios, as well as estimating the 
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pulmonary/systemic flow ratio (QplQs) (r = 0.88). In the 
patients with congestive heart failure, 4 of the 25 ventricular 
septal defects, all with aneurysm present or positioned 
adjacent to the tricuspid valve, became smaller but none 
closed. 
Of the 41 patients without congestive heart failure, 21 
had a perimembranous defect (15 with aneurysm), 18 had a 
muscular ventricular septal defect and 2 had a supracristal 
ventricular septal defect. Mean color flow diameter was 
3.9 2 1.7 mm, and color flow diameterlaortic root ratio was 
0.27 (both p < 0.05 compared with values in the congestive 
heart failure group). Follow-up Doppler color Row map 
studies of the noncongestive heart failure group showed that 
4 of 21 perimembranous defects and 6 of 18 muscular defects 
had closed, whereas 4 perimemhranous and 3 muscular 
defects showed significant diminution in color flow diameter. 
Two-dimensional echocardiography and color flow map 
ping diameter observations aid in predicting which patients 
with a ventricular septal defect might develop congestive 
heart failure, and suggest which ventricular septal defects 
will become smaller or close spontaneously. 
(J Am Co11 Cardio11989;13:1111-8) 
- 
gradient across the ventricular septal defect and estimating 
the pressures within the chambers of the heart (12-15). 
Doppler coIor flow mapping echocardiography appears to 
have significant additional merit in defining the flow orifice of 
a ventricular septal defect with aneurysm formation and 
identifying tiny muscular and multiple muscular ventricular 
septal defects (16,17). The purpose of our study was to 
assess the role of real time Doppler echocardiography with 
color flow mapping in defining the natural history of ventric- 
ular septal defect in patients undergoing serial study (18-21). 
Methods 
Study patients. One hundred fourteen serial two-dimen- 
sional Doppler color flow mapping echocardiographic stud- 
0735.1097/X9/$3,50 
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Figure 1. Color flow map in an oblique short-axis view &owing the 
color flow diameter of an imaged ventricular septal defect (VSD) 
with an aliased turbulent flow accelerating from the left ventricular 
outflow tract (LVO) on the left side of the septum into the right 
ventricle (RV) across a perimembranous defect. The white aster- 
isks illustrate our method for measuring ventricular septal defect 
size. 
ies were performed on 66 patients over a 40 month period to 
define ventricular septal defect location, anatomy and size as 
determined by color flow mapping of the maximal flow 
diameter. Twenty-five of the patients entered the study at <6 
months of age (mean age at last follow-up examination 34 
months). Of the 66 patients, 55 had a ventricular septal 
defect as their sole cardiac lesion. Ventricular septal defect 
was associated with an atria1 septal defect in eight patients, 
repaired coarctation of the aorta in two and persistent ductus 
arteriosus in one patient. 
The patients could be classijed into two groups based on 
reviewed clinical histories, chest X-ray films and electrocar- 
diograms. The first group, consisting of 2.5 patients, pre- 
sented with signs and symptoms of congestive heart failure, 
including significant cardiomegaly, gross radiographic in- 
creases in pulmonary vascularity, failure to thrive and an 
ongoing clinically determined requirement for digoxin and 
diuretic therapy. The second group of 41 patients never 
showed evidence of congestive heart failure. 
Echocardiographic studies. Echocardiographic studies 
were performed on either an Aloka, Toshiba SSH65A or 
Hewlett Packard 77020 flow mapping system at 3.5 to 5 
MHz, at the lowest available pulse repetition frequency and 
moderately high flow gains. The membranous and muscular 
portions of the ventricular septum were visualized for ana- 
tomic and flow map imaging with use of oblique short-axis 
and oblique four chamber apical or subcostal views. From 
the flow map echocardiograms, the largest flow map ventric- 
Figure 2. Two serial images in the same patient. Top panel, An image 
of a perimembranous defect in one of our patients, aged 4 months. 
Bottom panel, The same patient imaged at 14 months of age, showing 
a diminution in imaged flow map ventricular septal defect (VSD) size 
from 7.5 to 3.5 mm. Arrows indicate margins of the defect. 
ular septal defect diameter was measured (Fig. 1 and 2). 
Aortic root diameter measurements were obtained in long- 
axis views from two-dimensional echocardiographically de- 
rived M-mode traces by leading edge measurements. With 
use of Doppler color flow mapping-guided continuous wave 
echocardiography, the maximal transventricular septal flow 
velocity in a direction parallel to ventricular septal defect 
flow was also obtained (14,22). 
Cardiac catheterization and surgical measurements. Serial 
cardiac catheterization data were available for 30 of the 66 
patients for comparison of angiographic ventricular septal 
defect diameter measurements and Doppler color flow defect 
size and for comparing the ratio of color flow map defect size 
and aortic root diameter and the cardiac catheterization 
calculation of pulmonary/systemic flow ratio (Qp/Qs) in 
JACC Vol. 13, No. 5 HORNBERGER ET AL. 1113 
April 19X9:1 I II-X NATLRALHISTORYOFVENTRICULARSEPTALDEFECTS 
Table 1. Summary of Results in 30 Patients With Serial Color Flow Mapping Cardiac 
Catheterization and Surgical Measurements of Ventricular Septal Defect 
Age VSD CFD AIlgi0 Surg Associated 
(mo) Position CHF (mm) CFDiAO (mm) QP!Q~ (mm) Lesions 
9.7 
17.4 
9.8 
31.7 
0.87 
16.6 
12.9 
6.7 
1.6 
16.4 
15.1 
9.7 
42.4 
6.0 
1.6 
13.6 
55.0 
28.7 
5.3 
7.9 
I.1 
IO.? 
19.0 
16.0 
12.9 
66.5 
9.1 
99.4 
53.4 
63.8 
IO.5 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
MUX 
PM 
PM 
SC 
PM 
SC 
Must 
t 9.0 0.75 
t 7.0 0.47 
t 7.5 O.SO 
_ 5.5 0.X 
t 8.0 I .OO 
t 9.0 0.56 
t 8.0 0.90 
_ 6.0 0.67 
t 9.0 0.64 
t 6.5 0.37 
t 10.0 0.50 
t x.5 0.65 
t 12.0 0.60 
t 9.5 I .o.s 
t 9.0 0.60 
t 6.0 0.46 
t 7.0 0.54 
t 10.0 0.60 
t 7.5 0.56 
t 12.5 0.78 
t 5.0 0.40 
t 6.0 0.3X 
+ 6.0 0.60 
+ IO.5 0.58 
i 8.0 0.60 
f 3.5 0.24 
_ 5.5 0.34 
_ Il.0 0.36 
_ 4.0 0.27 
_ 5.0 0.10 
_ 1.0 0.1 I 
10.0 
X.0 
6.5 
‘..s 
9.0 
x.0 
7.0 
9.0 
‘.O 
IO.0 
Y.0 
11.0 
Y.0 
Y.0 
5.0 
X.0 
II.0 
X.5 
12.0 
6.0 
-.o 
I I.0 
X.0 
5.5 
‘.5 
l(l.0 
4.0 
6.5 
3.0 
3.12 
LV 
1.x9 
2.00 
LV 
2.08 
4.00 
?.!6 
PAB 
1.00 
1.00 
2.39 
1 i7 _.. 
- 
1.58 
PAB 
2.62 
3.1x 
1 2, _.../ 
i.i7 
1.69 
I.$0 
2.37 
PAB 
I.75 
I .66 
I .66 
1.66 
LV 
- 
8.0 
7.0 
- 
- 
- 
9.0 
6.0 
10.0 
- 
I?.0 
10.0 
- 
- 
8.0 
11.0 
8.0 
I!.0 
- 
- 
5.0 
12.0 
8.0 
- 
10.0 
- 
4.0 
- 
ASD 
- 
- 
- 
- 
- 
ASD 
ASD isig) 
- 
;\SD 
ASD 
_ 
ASD 
Repaired CoA 
ASD Isig) 
ASD 
- 
PDA (sig) 
*Ventricular septal defect not measurable. Angio = angiography: ASD = atrial septal defect: CFD = color flow 
diameter: CFDiAO = color flow diameteriaot-tic root ratio: CHF = congestive heart failure: CoA = coarctation of 
aorta; LV = left ventriculogram only: Must = muscular; PAB = pulmonary artery band: PDA = patent ductus 
:!rleriosuh: PM = perimembranous: Pt = patient: Qp’Qc = pulmonary artery to systemic flow ratio: 
SC = supracristal: Surg = surgery: sig = significant left 10 right shunt; VSD = ventricular jeptal 
defect: - = absent: t = plus. 
room air. For eight patients (Table l), either QpiQs data 
were not available or were not used to make this compari- 
son: two patients in whom only left ventriculograms were 
available, three with a pulmonary artery band and three with 
a significant other left to right shunt (as determined by >3% 
increase in oxygen saturation in the right atrium or left 
pulmonary artery at catheterization for atrial septal defect 
and patent ductus arteriosus. respectively). The largest 
angiographic ventricular septal defect size was measured 
from the left anterior oblique or long-axis oblique views 
calibrated using a grid (Fig. 3). (Patients received standard 
meperidine hydrochloride (Demerol) and chlorpromazine 
hydrochloride (Thorazine) sedation.) Anatomic largest ven- 
tricular septal defect diameters measured directly at surgery 
were also available for comparison with color flow diameters 
in 16 of the patients who underwent surgery. 
Results 
Ventricular septal defect imaging and natural history. For 
all patients on all examinations, the ventricular septal defect, 
if still open (at follow-up study), was successfully imaged 
with a color flow mapping system and the flow diameter was 
measured. The echocardiogram in Figure I demonstrates 
ventricular septal defect imaging in a patient with a perimem- 
branous ventricular septal defect, and shows the method for 
measuring flow diameter of the defect. 
Ventricular septal defect jlo~* diameter to aortic root 
dimeter ratios for the congestive heart failure and non- 
congestive heart failure groups are shown in Table 1. With 
color flow map-guided continuous wave ultrasound, flow 
velocities across the ventricular septum were successfully 
obtained in 33 patients. Flow velocity was unattainable for 
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Figure 3. Long-axial oblique plane angiocardiogram showing our 
method (arrows) for determining largest angiographic diameter of a 
ventricular septal defect. 
very small ventricular septal defects, especially those posi- 
tioned in such a way as to prevent Doppler interrogation in 
a direction parallel to the jet. 
For the congestive heart failure group, the mean (tSD) 
initial color flow diameter was 8.2 ? 1.9 mm and color flow 
diameter to aortic root ratio was 0.63 ? 0.18 (0.60 with 
exclusion of two patients with another significant left to right 
shunt). The average of the peak velocity across the ventric- 
ular septal defect was 176 2 85 cm/s. After a mean follow-up 
period of 6.2 months, 4 of the 25 ventricular septal defects in 
this group demonstrated a >2 mm or 25% decrease in 
diameter (Fig. 2). All four of the defects were positioned in 
the membranous septum, and all had evidence of some 
aneurysm formation or overlying tricuspid valve tissue on 
the initial echocardiographic study. At the conclusion of the 
study, three of these four patients no longer showed signs of 
congestive heart failure (Table 2). 
Figure 2 shows serial echocardiograms of one of the 
patients in the group with congestive heart failure imaged at 
4 months and subsequently at 14 months of age, and dem- 
onstrates a diminution of imaged flow map ventricular septal 
defect size from 7.5 to 3.5 mm. 
Another patient in the group with congestive heart failure 
had a moderate- to large-sized perimembranous ventricular 
septal defect as well as multiple muscular defects imaged in 
the short-axis view. At catheterization, all ventricular septal 
defects were verified. In the follow-up echocardiographic 
examination, all of the muscular ventricular septal defects 
had closed and only the perimembranous defect remained. 
This was the single defect present at follow-up catheteriza- 
tion. 
For the group that showed no evidence of congestive 
heart failure, the mean color flow ventricular septal defect 
diameter was 3.9 +- 1.7 mm. The color flow ventricular septal 
defect diameter to aortic root ratio was 0.27 ? 0.10 (0.26 
excluding one patient with another significant right to left 
shunt) and the average of the peak continuous wave velocity 
was 408 ? 85 cm/s. On serial follow-up study of 21 perimem- 
branous ventricular septal defects in the noncongestive heart 
failure group, within a mean follow-up period of 9.4 months, 
8 defects had demonstrated a significant decrease in color 
flow diameter and, of these, 4 progressed to spontaneous 
closure as evidenced by no color flow jet crossing the 
ventricular septum. As in the congestive heart failure group, 
all eight of these ventricular septal defects were associated 
with aneurysm and overlying tricuspid tissue. Of the 18 small 
muscular ventricular septal defects, over a mean follow-up 
period of 7.6 months, 6 of the 8 defects positioned in the mid 
to posterior portion of the muscular septum spontaneously 
closed at a mean patient age of 9.8 months. Three other 
ventricular septal defects (one mid-muscular and two apical) 
were shown to have significantly decreased in size on 
follow-up examinations. Of the nine ventricular septal de- 
fects that showed no apparent change in size, two were 
positioned in the extreme apical septum and six along the 
anterior border of the muscular septum. Ail ventricular 
septal defects that had closed on Doppler color echocardiog- 
raphy showed no audible murmur on clinical examination. 
One infant with a mid-muscular ventricular septal defect was 
lost to follow-up study. The very small defects on follow-up 
color echocardiographic examinations were visualized in 
patients who no longer had a classic ventricular septal defect 
murmur (Table 2). 
Predictive value of initial color flow ventricular septal 
defect diameter determination. To determine the predictive 
value of ventricular septal defect size for spontaneous clo- 
sure or diminution in size irrespective of the presence or 
absence of heart failure, the patients were classified into 
three groups on the basis of initial ventricular septal defect 
color flow diameter: ~4, 4 to 6 and >6 mm. The frequency 
of spontaneous reduction in color flow diameter was 
noted for each group: 11 of 25, 6 of 20 and 3 of 21 
defects, respectively. This separation provided the most 
significant chi-square value of 4.77, with 2 degrees of free- 
dom (p = 0.09). Although this is not a highly significant 
chi-square variate, all 12 of the ventricular septal defects that 
eventually closed spontaneously within the 40 month study 
period had an initial color flow diameter ~4 mm (66% 
muscular, 33% perimembranous.) This may only reflect a 
factor of time to closure rather than a potential for sponta- 
neous closure. 
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Table 2. Natural History of Ventricular Septal Defect in 66 Patients 
M 
17+1* 
tVSA -VSA 
15 6 
Ant- 
MIJSC 
6 
Apical 
4 
Mid. 
MUSC 
I 
1 Size NO 
NO NO NO 
8 Change Change Change 
1 Size 
Change 
1 Size 
7 
7 6 6 
2 
2 
Closed rl 0 
*Patient lost to follow-up study. Ant-Muse = anteriorly positioned muscular ventricular septal defect; Apical = apically positioned muscular ventricular septal 
defect; CHF = congestive heart failure; Closed = spontaneous closure of ventricular septal defect; M = muscular ventricular septal defect; Mid-Must = mid to 
posteriorly positioned muscular ventricular septal defect; PM = perimembranous ventricular septal defect; SC = supracristal ventricular septal defect: VSA = 
ventricular septal aneurysm. J Size = diminution in ventricular septal defect color flow diameter. 
Comparison of color flow diameter imaging with angiogra- 
phy and surgical measurements. As it relates to angiographic 
(Fig. 3A) and catheterization correlates of the color flow 
imaging, the correlation coefficient for color flow ventric- 
ular septal defect diameter versus angiographic measure- 
ments, determined by linear regression analysis, was 0.96 
(Fig. 4). The correlation coefficient for color flow diameter/ 
Figure 4. Linear correlations of color flow map diameter (CFD) 
compared with angiographic ventricular septal defect (VSD) mea- 
surement. SEE = standard error of the estimate. 
Y=O.e.7X + 1.32 
LO.96 
SEE 0.58 
aortic root diameter ratio as compared with QplQs ratio 
was 0.88 (Fig. 5). For those patients who underwent 
surgical repair of ventricular septal defect, the correlation 
between defect diameter measured at surgery and color flow 
diameter, again using linear regression analysis, was 0.91 
(Fig. 6). 
Aneurysm formation and tricuspid insufficiency. It has 
been suggested that one of the mechanisms of diminution 
Figure 5. Linear regression analysis showing color flow map diam- 
eter normalized for aortic root diameter (CFD/AO) compared with 
catheterization (CATH)-determined QplQs. 
Y-3.33X + 0.64 
r - 0.88 * 
SEE 0.31 
n-22 
0 .I .+ .a . . .5 .LI .7 .e .a 1 
CFDIAO ROOT RATIO 
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Figure 6. Linear correlation analysis between color flow map 
diameter (CFD) measurement compared with surgical measurement 
of ventricular septal defect diameter (VSD). 
of ventricular septal defect size for perimembranous de- 
fects is aneurysm formation (that is, by apposition of the 
septal leaflet tissue from the tricuspid valve). An observation 
made in the course of our study in six patients with signifi- 
cant diminution of ventricular septal defect size on serial 
study associated with aneurysm formation has been a grad- 
ual progressive increase in the amount of tricuspid insuffi- 
ciency as the aneurysm became more prominent. Such a 
combination of events is demonstrated in the echocardio- 
gram of Figure 7, which shows the ventricular septal defect 
flow and significant tricuspid insufficiency directed laterally. 
At catheterization, hemodynamically, the calculated shunt 
indicated in two of these patients a left ventricular to right 
atria1 shunt (actually a ventricular septal defect with tricus- 
pid insufficiency). 
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Discussion 
Role of Doppler color flow mapping in the assessment of 
ventricular septal defect size. To make proper decisions 
related to the management of patients with ventricular septal 
defect, a clinician must be able to predict the natural history 
of this particular lesion in patients. Previous echocardio- 
graphic studies (4-10,20) demonstrated the importance of the 
anatomy and position of ventricular septal defects as deter- 
minates of their natural history. However, the difficulty in 
accurate quantitation of ventricular septal defect size from 
two-dimensional echocardiographic images, particularly 
with smaller defects of the muscular septum and those 
associated with aneurysm (2,6,9,10,23), has permitted only a 
rough correlation of ventricular septal defect size and hemo- 
dynamic significance based on clinical presentation. In our 
study, the largest color flow diameter measurements ob- 
tained noninvasively with color flow imaging systems closely 
reflected measurements of both angiographic diameter and 
anatomic diameter measured at surgery irrespective of both 
anatomy and position of the defect. Though angiographic 
and surgical anatomic diameter measurements are not abso- 
lute measurements of ventricular septal defect size, because 
most defects are not symmetric (and surgical measurements 
are performed in a relaxed heart), it is of interest that color 
flow diameters correlate closely with such measurements. At 
the present time, it appears that color flow imaging, because 
it permits visualization of actual blood flow across the 
ventricular septum, not only facilitates the identification of 
ventricular septal defects, it likewise probably provides the 
most accurate means of assessing their size noninvasively. 
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Another variable obtained from color jlotij imaging and 
M-mode echocardiography in our evaluation of ventricular 
septal defect was that of color flow diameterjaortic root 
ratio, which should theoretically be corrected for patient size 
if the aortic root is normal and which we compared with 
cardiac catheterization calculations of Qp/Qs ratio. We 
found a relatively strong positive correlation between these 
measures on linear regression analysis. This suggests that 
flow map imaging reflects hemodynamic events and may be 
a potential means of noninvasively determining the relative 
Qp/Qs ratio. 
Color flow septal diameter and hemodynamic presentation. 
Comparing color flow diameters of both muscular and peri- 
membranous ventricular septal defects in patients with or 
without congestive heart failure, we found that both color 
flow diameter measurements and color flow diameteriaortic 
root ratios in patients presenting with signs and symptoms of 
congestive heart failure were significantly larger than in 
patients with a hemodynamically insignificant ventricular 
septal defect. In our study, patients with a defect diameter of 
~8.2 + 1.9 mm and ventricular septal defectiaortic root 
diameter of ~0.67 it 0.18 mm either developed or presented 
on the initial visit with congestive heart failure. Though this 
is not a surprising finding, it does confirm the assumption 
that the actual size of the communication to a large extent 
determines the hemodynamic presentation. Furthermore, 
averaged Doppler color flow map continuous wave measure- 
ments were significantly different in the two groups: the 
average peak velocity across the septum was almost twice as 
large in the group without congestive heart failure as in the 
group with failure, suggesting that in the latter patients, 
ventricular septal defect was unrestrictive with respect to 
pressure. 
Serial color flow mapping in the natural history of ventric- 
ular septal defect. Serial analysis of color flow septal diam- 
eters in both groups of patients permitted observations of 
diminution in ventricular septal defect size and. for 15% of 
these patients, spontaneous closure as defined by the ab- 
sence of a color flow jet crossing the interventricular septum 
(Table 2). Of the patients with a perimembranous ventricular 
septal defect, all those defects that had demonstrated a 
reduction in color flow diameter or complete closure were 
associated with aneurysm and overlying tricuspid tissue; 
however, 43% of those with aneurysm in the serial study had 
no observable change in diameter even though the follow-up 
period was comparable. Confirming previous studies (7,18), 
this demonstrates that although the presence of aneurysm or 
overlying tricuspid tissue may increase the likelihood of 
diminution or spontaneous closure, these changes are by no 
means guaranteed. Even though our data suggest that the 
initial color flow diameter may not be entirely predictive of 
the natural course, serial analysis of color flow diameter, 
representing the flow orifice independent of anatomic mar- 
gins, provides direct observation of diminution in ventricular 
septal defect diameter. In this way, color flow imaging 
permits the prediction of the ultimate clinical course. 
With respect to natural history and prediction of patient 
course, we were able to identify three distinct subsets of 
small muscular ventricular septal defects (of comparable 
initial size and follow-up period), whereby position of the 
defect seemed to be a factor in determining the probability of 
spontaneous closure or diminution in size. Within the 1st 
year of life, 75% of the muscular ventricular septal defects 
positioned in the mid to posterior muscular septum on serial 
study spontaneously closed, and 12% showed significant 
decrease in color flow diameter. Knowledge of position not 
only allows prediction of which defect will close spontane- 
ously or decrease in size, but likewise perhaps dictates the 
period of time to closure. As such, our data address the 
importance of both position and size in determining the 
natural history of ventricular septal defect. 
Tricuspid insufficiency in relation to the natural history of 
ventricular septal defect. Although past studies have dem- 
onstrated the potential role of overlying tricuspid valve 
tissue in spontaneous closure or diminution in ventricular 
septal defect size, we found that color flow echocardiog- 
raphy provided observations of aneurysm formation with 
progressive development of tricuspid insufficiency, which in 
our study was confirmed angiographically. These findings 
suggest that apposition of the tricuspid valve does, in fact, 
involve an alteration in valve function, such that shielding of 
the ventricular septal defect by the tricuspid leaflet during 
systole permits leakage of blood from the right ventricle or 
even from the left ventricle back to the right atrium. 
Conclusion. Our results suggest that Doppler color flow 
map imaging of ventricular septal defects accurately reflects 
angiographic and surgical anatomic diameter measurements. 
Serial analysis of color flow diameter directly demonstrates 
diminution in ventricular septal defect size and, with the 
identification of anatomic margins and anatomic position, it 
can be predictive of the natural history of a ventricular septal 
defect and the clinical course of the patient. Finally, color 
flow mapping provides observations of aneurysm formation 
and its effect on tricuspid valve function. Our experience 
supports the premise that echocardiography with Doppler 
color flow mapping appears to be quite useful in the evalu- 
ation of patients with ventricular septal defect. 
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